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SUMMARY

All the TIROS satellites contain television cameras which acquire cloud cover infor-

mation. TIROS H and III also have scanning and fixed radiometers to measure infrared

and reflected solar radiation from the earth and its atmosphere. The scanning radio-

meter is mounted so that the satellite's optical axis is inclined 45 degrees to its spin axis.

The spin motion provides a scan of individual lines of the earth's surface, and the orbital

motion provides line advance. Spin and optical resolution are such that the information

bandwidth is 8 cycles.

Five choppers and filters separate the radiation into five channels whose outputs

modulate the frequencies of five subcarrier oscillators. For maximum efficiency, each

one is a basic phase-shift oscillator with a balanced input stage. The gain of the two

balanced branches and the resultant phase shift in the network are functions of the input

voltage, which thus determines the frequency of oscillation. Center frequencies are non-

standard and, to transmit the five channels within minimum bandwidth, frequency con-

verters and crystal filters must be used for demultiplexing.

A mechanical commutator samples the outputs from the nonscanning radiometer,

thermistors, calibration resistors, and a pressure sensor. Each of these 6-second

samples modulates, in turn, the frequency of a sixth subcarrier oscillator, a true phase-

shift oscillator. These six signals and a reference oscillator signal are mixed and re-

corded on a single-channel tape recorder. Ground command initiates high speed playback

and turns on an FM transmitter, which is modulated by the playback voltage.

The composite signal is recorded on magnetic tape at a ground station and then

shipped to GSFC where it is demultiplexed and converted to digital format for an IBM

computer. The final data processing generates maps of isoradiance lines. This paper

discusses the system design, circuits, test parameters_ and performance of the TIROS

infrared radiation experiment.
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INTRODUCTION

The satellites TIROS II (1960 _1) and III (1961 p), like their successful forerunner

TIROS I (1960 fi), carry television cameras for cloud cover analysis. In addition,

TIROS II and III each contain two radiometer systems to measure infrared and reflected

solar radiation from the earth and its atmosphere (Reference 1). From these functions

the satellite series derived its name: Television Infra-Red Observation Satellite.

If the satellite is within communication range of a ground station, the television sys-

tem can be commanded to take direct-pictures (real time transmission). It can also be

programmed to record 32 pictures over a selected area. The pictures are then trans-

mitted when the satellite is within acquisition range of a ground station. The radiometer

signals, however, are recorded continuously and then transmitted upon command, in

time-compressed form.

The satellite's medium resolution (scanning) radiometer has optics which scan the

earth as the satellite spins. Signals from space, which are essentially zero, and signals

emitted and reflected from earth or cloud tops according to their individual temperatures

and albedo, are reflected through a prism onto five rotating disks, half mirrored and half

black. Radiation from the sky and the earth is alternately reflected from the mirror por-

tion of each disk through five separate filters, each of which passes radiation of selected

wavelengths through a separate lens onto a separate detector. The other radiometer is a

low resolution (nonscanning) instrument that performs heat balance measurements of the

earth. By sensing the temperatures of both a white and a black detector, the experiment

discriminates between thermal radiation (far infrared) and reflected sunlight. The tele-

metering and presentation of the infrared signals will be discussed in this paper.

All three TIROS satellites achieved nearly circular orbits. Table 1 summarizes the

individual characteristics.



Table1
Orbital Characteristicsof TIROSI, II, andIII

Element TIROSI TIROS1-I TIROS III

Date Launched

Perigee (statute miles)

Apogee (statute miles)

Period (minutes)

Inclination (degrees)

April 1, 1960

432.9

464.4

99.24

48.39

November 23, 1960

385.6

454.4

98.27

48.53

July 12, 1961

458.27

508.62

100.41

47.90

Figure 1 shows the base plate of TIROS II. The circular area in the center is the separa-

tion spring seat; towards the rear one of the TV camera lense protrudes from the base-

plate. In the opposite direction the silt in the center rectangular section and the Opening

on the satellite wall serve as viewing ports for the scanning radiometer. The small cir-

cle to the left is the opening for the low resolution radiometer.

/

F_gure 1 - Base plate of the TIROS II meteorological satellite



RADIATION EXPERIMENT

The five-channel scanning radiometer" (Figure 2, References 2 and 3), has an optical

axis which is inclined to the spin axis by 45 degrees. Each of the channels has a 5-degree

field of view; and each scans the earth and outer space, alternately, as the satellite spins

on its axis. Radiation inputs arrive simultaneously, from opposite directions, through the

wall and base of the satellite.

The field of view of the optical system mounted on the spinning satellite provides con-

secutive scanning sweeps of the surface of the earth. Since the orbital motion of the satel-

lite provides the advancement from one sweep line to the next, the optimum field of view

yields neither overlap nor incomplete coverage. The actual coverage varies with spin rate,

altitude, and viewing angle.

*The radiometer was manufactured by the Barnes Engineering Co.

J

Figure 2 - View of the 5-channel scanning radiometer



As the spin rate decreases because of interaction between the satellite and the earth's

magnetic field, spin-up rockets around the periphery of the satellite can be fired in pairs

to bring the spin of the satellite back within the design limitations of the experiment.

Figure 3 shows examples of scan patterns that can be swept out on the earth by the

spinning satellite. The pattern is a circle wherever the spin axis coincides with the earth

radius vector. When the spin vector is normal to the earth radius vector, the ends of the

optic view the earth alternately. The result appears as a pair of hyperbola-like branches

in the figure. When the spin vector neither coincides with nor is normal to the earth radius

vector, one end of the optic alternately views earth and sky and the other scans only the sky.

Since the field of view, 5 degrees, and the spin rate, i0 rpm, are known, it is possible

to compute the frequency spectrum required by the storage and communication links. The

Scan of Medium
Resolution Radiomete

Viewing Area of
Low Resolution
Radiometer %

Figure 3 - Geometry of the scanning motion of the medium resolutTon radiometer and of the
viewing area of the low resolution radiometer



frequency spectrum of a scanning slit has a (sin x)/x characteristic.

x = n, is characterized by the following equation:

2n sin ¢ f0

The first null, at

(1)

where

a = field of view, 5 degrees,

¢ = angle between spin axis and optical axis, 45 degrees,

f0 = first null frequency,

n : spin rate.

The value for f0 is found to be 8.4 cps. It is common to restrict the bandwidth to a value

below the frequency at the first null, since the signal power above that point is insignificant

and the phase above it is highly distorted. Therefore an information bandwidth of 8 cps was

chosen.

Medium Resolution Radiometer

The medium resolution radiometer has lens materials and filters which restrict the

sensitivities of its five channels to the following spectral regions:

(1) 6 to 6.5 microns -- water vapor absorption;

(2) 8 to 12 microns -- atmospheric window;

(3) 0.2 to 6 microns -- reflected solar radiation;

(4) 8 to 30 microns -- thermal radiation;

(5) 0.55 to 0.75 microns -- visible reference and daytime cloud cover.

An example of one of the medium resolution radiometer channels is diagrammed in

Figure 4. The chopper disk, which has a half-mirrored, half-black surface, alternately

reflects radiation from the scan beam and from the reference beam through the filter and

lens to the thermistor bolometer. A single six-pole ac motor drives the five (identical)

chopper disks at 46 revolutions per second. The alternating voltages thus generated at

the thermistor bolometei's are proportional to the difference in radiation energy coming

from the two opposite directions (through the wall and base). This ac voltage is amplified

and rectified in a balanced diode network. The five channels have identical circuitry, ex-

cept for an additional preamplifier stage in the 6 to 6.5 _ channel. The outputs are fed to

the instrumentation package for telemetering to the ground station.

The measurement with the worst signal-to-noise (S/N) ratio is that in the water vapor

band (6 to 6.5 _), since all the other bands have much higher energy levels. Therefore,

the signal-to-noise ratio of that channel will be analyzed here.
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Figure 4--Block diagram of a radiometer channel

The S/N ratio can be calculated from the signal power which reaches the thermistor

bolometer and the noise equivalent power of the detector. The signal power is

1 (2)p - _ AoWo_F

where

Ao = area of optic in cm2,

= radiant emittance of source in w/cm 2 ,

w = solid angle of view in steradians,

F = filter transmission factor.

If the earth is assumed to be a 260°K blackbody with a radiant emittance of 0.026 w/cm 2,

then the energy within the 6 to 6.5 _ band is 1 percent of this or 2.6 x 10 -4 w/cm _, As-

suming also, an F number of 1 for the optical system (a 40 percent filter transmission

factor) and a 1 mm 2 bolometer, P. is 2.6 × 10 -_ watt.

The noise equivalent power (Reference 4) is

_/FQ-_ (3)
NEP : Z0-' 1/_

where

Av = detector area in mm2,

Af = signal bandwidth in cps,

r = time constant of bolometer in milliseconds.



Tf we assume a detector area of 1 mm 2, a noise bandwidth of 16 cps within the signal band

of 46 • 8 cps, and a time constant of 2.2 milliseconds, then NEPis 1.7 × 10 -9. The S/N

ratio may then be calculated as 150:1. In practice this number is never reached, chiefly

because bias voltage on the bolometers cannot be kept optimum over the wide tempera-

ture range involved. Another deterrent is flicker noise in the input stage. Actual S/N

ratios of 30:1 (30 db) have been obtained for this channel. An analysis of the other four

channels shows that their S/N ratios are better, even when the higher noise figure of the

transistor amplifier is considered.

Low Resolution Radiometer

The low resolution radiometer channels (Figure 5 and Reference 5) are not modulated

by the spin of the satellite because their optical axes are parallel to the spin axis. Their

50-degree field of view observes an area which is within the field of the wide angle tele-

vision camera. Figure 3 shows a comparison between the viewing area of the nonscanning

radiometer and that scanned by the medium resolution radiometer. One of these two low-

resolution radiometer channels consists of a black bolometer detector and the other of a

white one, each of which is mounted in the apex of a highly reflective cone. The black de-

tector is equally sensitive to reflected sunlight and to long wave terrestrial radiation.

The white cone is coated to be reflective in the visible and near infrared; thus, it measures

only thermal radiation. These bolometer detectors present the instrumentation package

with resistances which vary with radiation. From the detected values the heat balance of

an area can be computed.

/

/
/

/

I

Figure 5--View of the low resolutTon radiometer



Monitoring the Experiment Parameters

The performance of the satellite instrumentation must be monitored, both for engi-

neering reasons and also to permit the adjustment of operational programs. In contrast

to larger satellite or spacecraft systems, the housekeeping-type telemetry for the TIROS

infrared (IR) package is limited to only a few temperature and pressure test points. In-

strumentation is pressurized to one atmosphere; a Fairchild TP-100 pressure transducer

is used to monitor the pressure. This type of transducer contains a diaphragm whose

movement is transferred to a lever on a variable resistor. Thus, pressure variations are

converted into resistance variations.

Temperature measurements are made of both radiometer housings and of the inside

of the electronics package. Precision thermistor networks were designed so that a par-

ticular resistance value corresponds to a specific temperature. A resolution of 0.2°C is

obtainable.

SYSTEM DESCRIPTION

The TIROS IR telemetry uses an FM/FM system with PAM/FM/FM (PAM--pulse

amplitude modulation) for one channel. Frequency modulation techniques were chosen

for the subcarriers and the VHF transmitter in order to minimize unwanted interference.

The 16 pound TIROS IR instrumentation package with its component parts is shown

in Figure 6. To the left, in back, is the tape recorder, Including the time-sharing switch.

The inch-deep unit in the front is the dc-dc converter* potted in Eccofoam. To its right

is the main deck with all nine plug-in modules clearly shown. These modules are the five

subcarrier oscillators (the five FM channels), the channel 6 phase shift oscillator (the

PAM channel), the channel 7 tuning fork oscillator, and the record and playback amplifiers

for the tape recorder. To the right, in back, is the speed control unit for the tape recorder

playback motor; the VHF transmittert seen in front of it is housed in this same unit. The

total IR system power is less than 5 watts during the record cycle and less than 30 watts

during the 3-1/3 minute playback cycle.

The components had to pass severe environmental tests, both separately and as a unit.

During vacuum-thermal tests, temperatures were varied from 0 o to 60 °C with data con-

tinually readout. The instrumentation package was designed to survive 20 g rms random

noise vibration and 10 g peak sinusoidal vibration, from 5 to 2000 cps.

Seven frequency bands are employed for the telemetry. Each of the five subcarrier

oscillator FM channels is 50 cps wide and the PAM channel is 60 cps wide to allow for

*Designed by Frederick Engineering Corporation, Frederick, Maryland.

tTelechrome V]IF Transmitter Model 1483-A4.



Figure 6--The TIROS instrumentation package

the frame synchronization signal. Channel 7 is a single frequency for reference. The

spacing between channels is 15 cps. Constant bandwidths are maintained and deviations

vary from 20 to 6.5 percent as the center frequencies of the channels increase. These

characteristics were chosen in order to keep the total bandwidth requirements consistent

with the limitations of the miniature tape recorder which records the multiplexed signals.

System parameters were chosen so that the tape recorder itself, specifically the magnetic

tape and the constancy of speed in the drive mechanism, became the limiting factor in the

achievable signal-to-noise ratio. For example, to maintain a 50 cps bandwidth which would

include flutter and wow variations, the dynamic range of each subcarrier was reduced to

45 cps.

Figure 7 shows how the satellite instrumentation operates. The chopped radiation de-

tected by the thermistor bolometers of the scanning radiometer is amplified, rectified,

and processed to produce a push-pull output voltage of 0 to plus and minus 6 volts. Push-

pull signals are used wherever possible to minimize pickup. These five output signals

drive the five phase-shift subcarrier oscillators, which have a stability of + 2 percent of

bandwidth from 0 ° to 50°C. Since the coldest signal corresponds to outer space, only in-

creasing voltages can be generated. These voltages deviate the voltage controlled oscil-

lators up to 50 cps (Figure 7). Hence, a modulation index of 3 is used for the highest

information frequency, 8 cps.



10

Chopper
45cps

I

Choppe_

Motor I

Block Cone

Rodiometer

Preompiifier
ond Rectifier

6- 6.5,u

8-12p

2-6p

8-30/J

Voltoge
Controlled
Oscillotor

t I00 -150cps

Phase Shift

Osci Ilotor

Fork
Oscillator

Wh ire Cone

i Amplitude

!Modulator
Radiometer Temp

Electronics Temp

Pressure
AC

3 Reference Resistors D rive

To Antenna

I

I

Playback ]Amplifier

Sun Pulse _ ( __.,_..gh;::

Shufter Pulse _ Playback ] Speed

_e_ ?_)f_ ;l Control

Figure 7--Block diagram of TIROS instrumentation

Channel 6 employs a conventional phase-shift oscillator whose output frequency can

be made almost linearly proportional to resistance, since its total bandwidth is only 10

percent of its center frequency. The appropriate resistance value is switched in by a

mechanical commutator, which is an integral part of the tape recorder (Reference 6). This

is a time-sharing channel, collecting the data from the nonscanning radiometer, the three

reference temperatures, the canister pressure, and the fixed calibrations generated by

reference resistors. Each frame contains forty samples of 6 seconds each. Four sam-

ples, which include the low resolution radiometer data, are located in the first four posi-

tions of a five position switch and are sampled every 30 seconds. The fifth position is

subcommutated and contains the housekeeping and calibration references which are

sampled only once per frame or every 4 minutes.

Channel 7 is a tuning fork oscillator which generates 550 cps. The frequency was

chosen as the upper band limit of the tape recorder and serves as a timing reference for

the data, with amplitude modulations denoting sun pulses, correlation with TV pictures,

and interrogation times. This signal also provides the frequency necessary to drive the

synchronous motors of the tape recorder and the radiometer chopper. Its presence per-

mits compensation in the ground equipment for errors due to wow and flutter.

The amplitude stability of tape recorded signals is poor. For this reason, modula-

tion of the timing signals is limited to two levels: -40 and -95 percent. The transition
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asthe satelliteentersor leavessunlight,andthe anglebetweenthe horizonandthesun
are of interest in quick-lookevaluationsof satellite dataandalsofor comparisonwith
temperaturedata.

Aroundthecircumferenceof the satellite cylinderthereareninenarrowangleslots,
eachhavinganacceptanceangleof almost180degrees(Figure 1). Thusthe sun,in al-
mostanyposition,cangeneratepulsesas thesatellite spins. Thesystempermits sun
angledeterminationfor TV pictures. Oneof theninedetectorsgeneratesa 0.5second
pulsewhichamplitude-modulatesthetuningfork oscillator signalby -40percent. In
order to establishcorrelationbetweentheIR dataandtheTVpictures, a 1.5secondtim-
ing pulseis generatedwitheachcamerashutterpulse. This alsoamplitude-modulates
the referencesignalby -40percent. A third timing signal,a 1.0secondpulse, causes
thereferencesignalto dropalmostto zero. It is initiatedat approximatelythesame
time asthegroundreadoutcommand,whichis derivedfrom WWVsynchronizedclocks
locatedin thereadoutstations. Thus,anabsolutetime marker is recordedonthe mag-
netic tape. As aby-product,rather accuratetimes of picture takingcanbedetermined
at thegroundstationbyvisual inspectionof a recordof thetiming signal.

Thetaperecorder recordscontinuously,at 0.4 ips, thesumof thesevensignalsde-
scribedabove: thefive subcarrier signalsfrom the scanningradiometer;thetime-shared
channelsignalwith thewidefield (nonscanningradiometer)dataandhousekeepingdata;
andthe referencesignalwhichis amplitudemodulatedwith sunpulses,TV pulses,andthe
interrogationtime pulse. This compositesignalis recordedona 200foot continuousloop
of 1/4-inch 1-1/2-mil lubricatedinstrumentationtapewhichstores100minutes(approx-
imately oneorbital period)of data.

Thereadoutcommand,generatedfrom thegroundwhenthe satellite is within acqui-
sition range,turns on thetransmitter filament voltageandcausesa half-minutedelay.
After this delay,platevoltageis appliedto the 1.8-watt238-Mctransmitter andtheplay-
backmotorof thetape recorder is turnedon. Theplaybackspeed,12ips, is 30times
faster thanthe record speed,sooneorbit is readoutin 3.33minutesandtheplayback
frequenciesare 30times higherthanthe recordfrequencies.Duringtheplaybackcycle,
the real-time compositesignal,with all seveninputscontinuouslyoperating,is addedin
theplaybackamplifier to theplaybacksignal;andthis combinedsignal (100-550cps; 3-
16.5kc) is thetransmitter input. After onecycleof thetapeloop,a reset switchactivated
by a geartrain in thetaperecorder resets thesystemto therecord mode.

Signal-To-NoiseRatio Limitations

Computations of the output noise levels for individual channels can be performed in

the conventional way. They show a modulation improvement by a factor between 2 and 8
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evenwithoutapplyingpre-emphasisto thesubcarriers. Critical considerationof the limi-
tationsonnoiseandaccuracyquickly revealsthatthemost severeproblemis in the tape
recorder. Themagnetictapeusedwasselectedbecauseit hadanamplitudestability better
than26db. Sincethis typeof amplitudemodulationaffectsthe FM carriers very little if
thediscriminators are designedproperly, the stability valuewascritical onlywith regard
to the timing channel,wherea 20dbsignal-to-noiseratio wasdesirable. A higherase
level makesresidualtapenoisenegligible.

Thepredominantfactor contributingto decreasein the outputsignal-to-noiseratio
is variability in thetaperecorder speed.Analysisof thewowandflutter spectrumshowed
that thecomponentsbetween0 and300cps,whichare significantfor the informationband-
width,generatea 1.5percentpeak-to-peakvariation. This is especiallysignificantin the
higher frequencysubcarrier channelswhereit is about10percentof thechannelbandwidth.
This noise level is considerablyworsethanthenoisecontributionat averagetelemetry
ranges. The30:1 record-to-playbackspeedratio is maintainedto within i 1percentbya
servo loop. Thisvariation, andpart of thatwhichis dueto taperecorderwowandflutter, can
becompensatedfor in thegroundequipmentthroughtheuseof thereferenceoscillator sig-
nal. Anotheraccuracylimitation concernsthe basic stability of the subcarrieroscillators
over theoperatingtemperaturerange. Drift is keptat less than+ 1 cps (4 percent of band-

width), but that amount is a significant factor in loss of accuracy. Accurate calibration

records made before launch can be used for partial compensation of this drift, since the

subcarrier oscillator temperature is known quite accurately from the telemetry. The

final limitation on drift results from the repeatability of measurements which depend on

component aging. One set of subcarrier oscillators tested for over three months showed

less than 1 cps drift from aging. Table 2 summarizes the instrumentation S/N ratio

limitations.

Table 2

Instrumentation Signal-to-Noise Ratio Limitations

Source Signal-to-Noise Ratio

Tape

Subcarrier oscillator drift due

to temperature

Wow and flutter

Radiometers

26 db, not significant on FM channels

14 db, compensated to 34 db by cali-

bration curves

34 to 17 db, compensated to 44 to 27

db in ground station equipment

30 db, for worst detector channel
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Data TransmissionandAcquisition

Since acquisition look angles are known from a program established by the TIROS Con-

trol Center, data can be acquired from the satellite as soon as it comes over the horizon,

1900 miles from the acquisition station in question. The system parameters listed in Table

3 show that the carrier signal-to-noise ratio even at the horizon is well above threshold

and will exceed 30 db in many cases, depending on the slant distance between the satellite

and the acquisition station. Larger margins than the ones shown in Table 3 rarely occurred

in actual operation, because of the careful design of the turnstile antenna pattern in the satel-

lite and the use of polarization diversity at the readout stations. The S/N ratio variations

which were due to imperfections in the antenna pattern and in the adjustment of the diversity

combiners remained well below the variation that was due to the differing range. Noise in

the receiver and noise that was due to sky radiation were negligible because of the high-

gain ground antenna and adequate transmitter power.

Table 3

TIROS System Parameters

Range at horizon: 1900 mi

Orbital altitude: 450 mi

Path attenuation at horizon: 150 db

Path attenuation at zenith: 137 db

Satellite antenna gain: -3 db

Ground antenna gain (60-foot dish): 27 db

Antenna temperature:

Cabling and hybrid losses:

Transmitter frequency:

Transmitter power:

Receiver bandwidth:

Receiver noise figure:

S/N at horizon:

S/N at zenith:

290°K

-2db

238 Mc

1.8w

100 kc

5 db

26 db

39 db

Two data acquisition stations were used for TIROS II, one at the U. S. Army Signal

Corps Research and Development Laboratories, Fort Monmouth, New Jersey, and the

second at the Pacific Missile Range, San Nicolas Island, California. For the TIROS I_

tests the NASA Field Station, Wallops Island, Virginia, replaced the Fort Monmouth

station.

The output of the diversity combiner is recorded FM on magnetic tape and shipped

to the Goddard Space Flight Center for processing. Figure 8 shows the parallel path that
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Figure 8--Block diagram of the readout station

a signal takes at a data acquisition station. One thermal channel of the five-channel scan-

ning radiometer is filtered, demodulated, clipped so that only horizon crossings are dis-

played, and recorded on one channel of a two-channel pen recorder. The other channel

records the rectified envelope of the timing signal, displaying the sun pulse and TV shutter

pulse modulation as well as the interrogation pulse. This permits coarse picture time cor-

relation at the ground stations and an immediate check on the satellite.

The clipped horizon-crossing signals and the reference timing channel are recorded

on tape at the ground stations and played back at 1/16 record speed. The number of

cycles of the reference frequency occurring between horizon crossings is counted and

recorded on punched paper tape for transmission, over teletype lines, to the TIROS

Technical Control Center at Greenbelt, Maryland. From these tapes plus a knowledge of

the satellite's spin rate and orbital position, the attitude of the satellite can be computed

on automatic data processing equipment. An error of less than 3 degrees has been

achieved under optimum conditions. For TIROS III, attitude is computed at the readout

station.
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GroundStation Operation

The processing method for data mailed to the Goddard Space Flight Center is illus-

trated in Figure 9. The composite signal is played back, demultiplexed, demodulated, de-

commutated, and digitized. Analog outputs of all seven channels are recorded for visual

inspection. The 550 cps tuning fork reference signal, 16.5 kc on playback, is used to com-

pensate for tape recorder speed errors by two methods. One compares the 16.5 kc signal

to a crystal reference frequency and varies the speed of the ground station tape recorder

at a rate up to one cycle per second. The other corrects the signals at the demodulator

outputs to compensate for frequency errors of ± 250 cps.

The demodulator ° can be seen in detail in the block diagram of Figure 10. The com-

posite signal is amplified; the real-time signal is filtered, amplified, and terminated at a

separate output. The presence of this signal is used as a control to actuate a squelch

*The demodulator was constructed by Tele-Dynamics Division, American Bosch Anna Corporation.
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pressure in the sealed canister.
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Figure lO--Block diagram of demodulator. TEC is tape error
compensation and BPF is bandpass filter.

circuit which normally prevents the Channel 6 output from reaching the decommutator

and maintains the decommutator in a ready condition.

The envelope of the 16.5 kc reference signal, showing the sun pulse, TV pulse, and

end-of-tape (EOT) pulse moduIations gives a quick check on the amplitude stability of the

tape recording systems. These modulated signals are separated by a logic circuit which

senses both the duration and the amplitude of the signals and presents 100 _sec output

pulses as they occur. A pulse-shaping circuit generates a square wave output from the

16.5 kc signal which is used as the external clock for the analog-to-digital converter.

When the 16.5 kc signal is lost because of fading, filtered noise is amplified and clipped

to provide this clock. This "flywheel" effect minimizes timing errors during signal fades.

With the narrow guard bands in this system, crystal filters were used because of

their high rate of attenuation outside the passband. In order to obtain crystal filters

with an amplitude response sufficiently flat over the required 1500 cps band, and of a

size suitable for fitting in a standard Tele-Dynamics modular 2202 discriminator,
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it wasnecessaryto translatethecompositesignalby 50kc to between53and66.5kc.
Instability in thecrystal oscillator is negligible. Thefilters obtainedfor thesefrequencies,
designedto bedrivenfrom a constantcurrent source,haveamplitudevariationsashighas
6dbover their passbands.

StandardIRIG52.5kc discriminators,with a linearity of 0.25percent,weremodified
for Channels1through5, anda standard70kc discriminator wasmodifiedfor Channel 6.

These are designed to quiet normally with an input of about 50 my, but an additional stage

of amplification has been added to increase their sensitivity to about 10 mv.

Crosstalk became a very serious problem, since the second harmonics of Channel 1

could fall into Channels 2, 3, or 4; those of Channel 2 into Channels 3, 4, 5, or 6; and so

forth. Nonlinearities in the mixer would generate appreciable cross-modulation. In order

to overcome this difficulty, a biased four-transformer ring modulator is used for mixing

(Figure 11). Rather than one center-tapped input transformer, two separate transformers

are used; bias is applied to the midpoint of one secondary to balance out the input signal.

In addition, balancing potentiometers were used in the primaries of the two output trans-

formers. The crosstalk S/N ratio obtained by this technique, without daily adjustment,

was better than 55 db. Optimum settings gave an additional 10 db improvement.

TWO SEPARATE
UTC 31 X
MIXING TRANSFORMERS

TWO GENERAL RADIO
TYPE 941-A
TRANSFORMERS

IN38
I 7 I..=

COM_SITE_"_-__ _ I" :_ 5,7

SIGNAL 2 c;_ _-8 BAL'I_IIt_'-O_0.1 vp-p _ "_-K"

_ 50 KC INPUT(I.4vp-p)

2 5,7

IN 38

0
50.1 - 50.55 KC
55 - 66.5 KC

Figure 11--Schematlc of ring modulator. The diodes were matched.
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Compensation for tape recorder wow and flutter was applied to all six channels by

discriminating the reference voltage, now 66.5 kc, and properly applying it to the indi-

vidual channel outputs. Even with the phase distortion typical of crystal filters, correc-

tions of I0 db or better were obtained. The Channel 6 output needs further decommuta-

tion before the wide field nonscanning radiometer data and the housekeeping data on this

PAM channel are readily available.

A block diagram of the decommutator is shown in Figure 12. The squelch circuitry

controls a switching relay that allows the signal to pass into the decommutator where the

40-channel input signal train is amplified to a standard level. The 120 percent calibration

pulse provides frame synchronization every forty pulses. This controls the switching pulse

generator and assures that the sequencing modules begin stepping at the proper time. The

switching pulse generator opens a gate which allows the information to pass through to the

pulse integrator. The integrated signal is transferred to the appropriate channel module

through the information buffering circuit.

Automatic drift correction compensates for decommutator amplifier drift and for

temperature variations in the Channel 6 subcarrier oscillator. The width of the gate pulse

Zero J
Channel 6 Correc. JDiscriminator

Output

O_Squelch HAmplJfier_r_ InformationH Pulse _'n'°rm°'_ IGate Integrator Buffering

t t Circuit

.... i

Switching I JPulse Gen,

I

Master Frame
Sync. Pulse

Detector

Transfer Transfer
Sen. Circuit

_ 4o

._ Sequencing J PositionsModules

__ G_e andStorage J

Circuitry J

II Signals

Output Amplifiers

Signal Position Signal Position Signal Position

Black
Cone

White
Cone

Black
Cone

_, 6,11,16
21,26,31,36

2, 7, 12, 17
22,27,52,57

3, 8,13, IB
23,28,33,38

Wide Field
Reference

PackageTemp.

I00 Percent
Calibration
Radiometer
Housing Temp.

4, 9, 14,19
24,29,34,39

5

I0

15,35

50 Percent
Calibration

Pressure

0 Percent
Calibration

120 Percent
Calibration

Figure 12--Block diagram of decommutator
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is varied inversely with variations in the output of the 100 percent calibration channel.

Zero drift errors are eliminated by adjusting the reset potential of the pulse integrator

with variations in the zero reference output.

The information buffering circuit supplies gated, integrated, and corrected information

pulses to the gate and storage circuitry. The sequencing module, in conjunction with pulses

from the transfer generator, permits each gate to select the proper information pulse for

storage until the introduction of the next proper data sample. Outputs are obtained through

amplifiers.

The five scanning radiometer channels, the wide field black and white cone data, the

three reference temperatures, the timing reference, and the 100-zsec pulses for sun sensor,

TV, and end-of-tape information are presented to the analog-to-digital converter." The lat-

ter generates a magnetic tape in a special format for automatic data reduction on an IBM

7090 digital computer. The pulses cause special code words to be written on the digital tape;

the TV pulses initiate the sampling, digitizing, and recording of the nonscanning radiometer

data following the TV code word. Thus, radiation data can be correlated to picture data.

The five outputs of the scanning medium resolution radiometer are digitized sequen-

tially within 200 _ sec. Each radiation measurement is converted to seven binary digits to

provide an accuracy better than 1 percent. The data sampling rate is sufficient to re-

produce the radiation pattern. To achieve this, the five channels are digitized after 72

cycles of the 16.5 kc reference signal, about 8 times per real-time second. The equip-

ment can double or halve this rate if it is so desired. Since the end-of-tape pulse stops

the analog-to-digital converter automatically, the time of every sample on the tape is

referenced very accurately to the time of interrogation. The six discriminator outputs and

the modulated envelope of the reference signal are recorded in analog form for visual study.

COMPONENT DESCRIPTION

Subcarrier Oscillators

The subcarrier oscillators are phase-shift type oscillators whose output frequency

varies from minimum to maximum as its balanced input voltage varies from zero to plus

and minus 6 volts. The input is obtained from a push-pull amplifier whose outPut signal

varies positive and negative, simultaneously, around ground. This push-pull system of sig-

nal transmission from the radiometer to the instrumentation canister minimizes noise

pickup. The output voltage from each subcarrier oscillator is approximately 0.1 volt peak-

to-peak into a 5.6 K ohm load.

The frequency ranges of the five channels are:

Channel 1--102 to 148 cps;

Channel 2--167 to 213 cps;

*The anaIog-to-digital converter was constructed by the Packard Bell Computer Corporation.
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Channel 3--232 to 278 cps;

Channel 4--297 to 343 cps;

Channel 5--362 to 408 cps.

The tolerance on the minimum and maximum frequencies at room temperature is + 0.1 cps.

Over the temperature range (0 ° to 60°C) used during the instrumentation testing, the toler-

ance on the minimum frequency was +3.0 and -0.0 cps, and on the maximum frequency,

-3.0 and +0.0 cps. The calibration curve in Figure 13 shows modulating voltage vs. fre-

quency at 0 o, 25 o, and 60°C for one of the oscillators. Since the five subcarrier oscillators

are identical in principle, only one typical channel will be described in detail. Figure 14

is the block diagram of a subcarrier oscillator and Figure 15 is its schematic.
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o 320
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Figure ]3--Sarnple calibration curve for a subcorrier oscillator,

at temperatures of 0 °, 25 °, and 60°C
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Figure 15--Schematlc of a subcarrier oscillator. All waveforms are taken at 3 volt modulation.

Transistors Q,, Q2, Qs, and Q4 (Figure 15) comprise a stable phase-shift oscillator (Fig-

ure 14). The phase-shift networks are R s and C,; R,4 and C4; Rs, R,6 ,and C2; and R _7,

R,8, R,g, R_o, and C 3 (Figure 15). Here dc coupling is employed so that negative dc feed-

back may be used for bias stabilization.

The heart of the oscillator is the modulating stage, consisting of transistors Q, and

Q_ and their associated circuitry. The desired operation is as follows: When no voltage

is applied to either input, the minimum oscillator frequency should be produced. As in-

put 1 approaches "+6 volts and input 2 simultaneously approaches -6 volts (push-pull in-

put), the output frequency approaches maximum. The frequency, ideally, will be a linear

function of the modulating voltage and perfectly stable at any temperature between 0 ° and

60 °C.
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A brief analysisof thecircuit will showhowmodulationis achieved.Themodulator
maybeconsideredto consistof twoamplifiers, eachincludingonephase-shiftnetwork.
As far asthe oscillator is concerned,thetwoamplifiers are connectedin parallel and
are equivalentto oneamplifier anda correspondingR-C phase-shiftnetwork. Notethat
the networkassociatedwith Q2hasa shorter time constantthanthatof theotheramplifier,
QI. Whennomodulationis appliedQ1is biasedfor anappreciablegainandQ2is biased
closeto cutoff. Thus,theR-C networkassociatedwith Qzwill havethegreatereffectbe-
causeof thegreater gain,andits longertime constantdictatesa relatively lowfrequency
of oscillation. As modulationis increasedQI becomesbiasedfor lower gainandQ2for
highergainuntil, at a modulationof + 3 volts, QI and Q_ have equal gains. At this point

the equivalent R-C time constant of these parallel amplifiers is midway between the time

constants generated by either one separately, with a midrange frequency resulting. As

modulation is increased further the gain of Q_ is reduced and that of Q2 increased, so the

shorter time constant of the network associated with Q2 becomes more dominant and fre-

quency continues to rise. Finally, at the maximum modulation level of ± 6 volts, the fre-

quency reaches the specified maximum. To prevent overmodulation in the presence of

unexpectedly strong infrared signals, a Zener diode is placed at the radiometer output to

limit the modulation voltage to a maximum of ± 6.5 volts; this prevents any possibility of

interference between channels, which would make data reduction difficult or impossible.

The oscillator output is taken from the collector of Q4 where it appears as an 8-volt

peak-to-peak symmetrical square wave. It goes through a low-pass filter, which cuts off

sharply just above the maximum specified frequency, to remove third and higher harmonics.

The resulting low-distortion sine wave is direct-coupled to buffer stage Qs, from whose

low impedance emitter the modulated output is taken.

Channel 6 Oscillator

The channel 6 phase-shift oscillator provides a carrier for time-shared information

from the wide field radiometer, and for housekeeping and calibration data. The frequency

output from this oscillator is varied by switching different resistances into the phase-

shift network every 6 seconds. Make-before-break switch contacts create parallel resist-

ances which cause lower frequency excursions between each data sample which result in

negative-going pulses when demodulated.

The frequency range for Channel 6 is 427 to 483 cps. Frequency tolerances and the

output voltage level are the same as for the five subcarriers just described.

The circuit (Figure 16) consists of a three-stage direct-coupled phase-shift oscillator

in its simplest form, the output coming from the emitter of Q3. The output waveform is

quite square, owing to the large excess of loop gain. Series-R type phase-shift networks

are used to c!ose the dc path. The input, which is always in the form of a resistance
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between 350 and 1400 ohms (with the exception of the 120 percent level calibration resistor

which produces the decommutator sync frequency), is applied in series with the phase-shift

capacitor C3, in order that one side of the input be connected to ground. Thus, frequency is

a direct function of resistance and, with total bandwidth only 10 percent of the center fre-

quency, the relation is nearly linear, it is imp0rt_t to note a safeguard inherent in this

circuit: If for any reason the input should become open in one or more of the time-sharing

switch positions only two phase-shift networks would remain. This could happen in the switch

after long wear, or in the extensive wiring to scattered sensor locations. The 180 degree

phase shift required to sustain oscillation cannot be obtained, at any frequency, with only

two networks. Therefore, if the input did open, the oscillator would automatically shut off

and there would be no interference with the other channels. The stability of this circuit,

after compensation with the network consisting of R 13, R, 4, and thermistor R, s, is typically

± 2 percent of bandwidth over the temperature range from 0 ° to 60°C.

As with the oscillators comprising channels 1 to 5, the square wave is filtered to re-

duce the signal to its fundamental component and a low-impedance output is given by buf-

fer stage Q4. A refinement, indicated by the circuit within the broken line in Figure 16,

was added to channel 6. Its purpose is to limit the output if the frequency tends to ex-

ceed the allotted band. A signal in the range of 520 to over 600 cps would be attenuated

by more than 40 db by this circuit.

Channel 7 [Tuning Fork} Oscillator

The tuning fork oscillator produces a precise timing or "clock" frequency which is

added to the other six channels before recording. It provides a stable frequency for run-

ning the synchronous record motor in the tape recorder and the chopper motor, in the

radiometer. It also serves as the carrier for certain timing pulses which are applied as

amplitude modulation. After transmission, it is used in the ground station to provide com-

pensation for wow and flutter in the tape recorder.

Output voltage is approximately 0.15 volt peak-to-peak into a 5.6 K ohm load. A fre-

quency of 550 cps, having a stability of one part in 104 over a temperature range from 0 °

to 50°C, is produced by a tuning fork oscillator utilizing an hermetically sealed, compensated

tuning fork made by Philamon Laboratories. Amplitude modulation of the resulting square

wave to -40 percent and approximately -95 percent is accomplished by a symmetrical clipper:

A filter then removes harmonics, £nd the resulting sine wave passes through a buffer stage

to the external resistive subcarrier oscillator summing network. Circuit operation will

now be described in more detail, by discussing the oscillator, modulator, and filter-and-

buffer sections.

In the oscillator circuit (Figure 17), the tuning fork, which is electrically equivalent

to a tuned circuit with a Q of approximately 10,000, is placed in a regenerative feedback
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loop of a high-gain direct-coupled amplifier consisting of transistors Q,, Q2, and Qa. R6

shunts the drive coil to provide some damping and thereby improve the waveform. The

value of this resistor is approximately twenty times the drive coil reactance so that, es-

sentially, a current drive is maintained; this is necessary in order to avoid electrical

phase shift which would cause a frequency error. R s provides negative de feedback to

give excellent amplifier stability, ac degeneration being prevented by capacitor C 2. C:

attenuates high harmonics from the pickup coil, thereby improving the waveform. The

feedback loop is completed by feeding the pickup coil voltage to the high-impedance input

of Q,. Sufficient gain is available to produce a symmetrical square wave with a rise time

of about 30 milliseconds at the collector of Q2. Note that Q 3 serves only to Iower the out-

put impedance and provides no voltage gain to the output directly.

Certain timing signals are telemetered as amplitude modulation on the 550 cps clock

signal. These are:

(1) A -40 percent modulation for 0.5 second, once for every revolution of the spin-

stabilized satellite, as a special sensor "sees" the sun;

(2)A TV frame indicator (telemetered with the IR data for later correlation of TV

pictures with IR measurements) consisting of a -40 percent modulation, of 1.5

seconds duration, each time a programmed TV picture is taken;

(3) An end-of-tape pulse, a -95 percent (approximately) modulation of 1.0 second

duration to indicate the end of IR data recording for each orbit.

Modulation is such that all except the end-of-tape signal may be removed in ground pro-

cessing equipment by a clipping amplifier, to preserve continuity of the reference signal

for timing purposes.

The square wave oscillator output signal to be modulated passes through a capacitor,

to remove the dc component, and through a large resistor Rs, and then goes to the junction

of diodes CR 1 and CRy. These diodes act as simple clippers, CR 1 clipping the negative

peak when the signal drops below the potential to which its anode is returned and CR 2

similarly clipping the positive peak. With no modulating voltage applied, Q4 is in cutoff

and the clipping levels are plus and minus 6 volts, the potentials to which the emitter and

collectors, respectively, are returned. Since these clipping levels are above the peak

signal input voltage, no clipping takes place and the signal remains unmodulated. In

order to modulate to -40 percent, a potential of approximately -24 volts is applied to R Ia.

The end-of-tape modulation (approximately -24 volts) applied at RI_ saturates Q4, thereby

reducing the signal nearly to zero. A 6-volt Zener diode is connected in series with this

input to prevent forward-biasing of Q 4 when the modulation input is at ground potential.

From the modulator the signal passes through a bandpass filter to eliminate harmon-

ics of the input square wave. Since the frequency is fixed, the filter's passband was made
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quitenarrow(thetunedcircuit Q is approximately30at 550cps)andfiltering is very ef-
fective. It is notso narrow,however,thatthe rise time of themodulationenvelopeis
seriouslyaffected.

From thefilter thesignal,nowa goodsinewave,is direct-coupledto buffer stage
Qs, thebaseof Qsbeingreturnedto groundthroughL,. Therelatively low outputim-
pedanceof this stagefeedsthesubcarrieroscillator resistive summingnetwork,of which
R,8 is aportion. Thesignalvoltageat the emitter of Qsis about2volts peak-to-peak
with nomodulationapplied.

Record Amplifier

The record amplifier circuit accepts a signal in the frequency range from 100 to 550

cps and prepares it for driving a tape head. Optimum equalization is applied to obtain a

maximum signal-to-noise ratio when the tape recorder is operating at 0.4 ips (Figure 18).

The output voltage is 0.4 volt peak-to-peak from the resistive mixing circuit with a 5.6 K

resistor to ground. Overall efficiency and reliability are high.

The input signal is direct-coupled from the external resistive adding circuit whose

dc potential is close to ground. The emitter current of Q, is about 1 ma (Figure 19). R 1

adjusts gain by controlling ac degeneration. The output of Q1 is conventionally ac-coupled

to the head-driving stage Q2, which is biased at about 2 ma. A tuned series circuit by-

passes the emitter resistor Rs, maximizing gain at its resonant frequency. The 550 cps

signal is boosted 6 db by means of R 7, The collector of Q2 is ac-coupled to the head to

avoid any magnetizing direct current in the latter. To avoid head magnetizing transients

R 9 maintains pin 2 at a potential of 12 volts while the record-playback head is disconnected

during head switching.

Bias current is supplied to the other winding of the split winding record head by

means of Q,, which is coupled in the same manner as Q2. Thus, the bias mixing is ac-

complished in the head itself. Capacitor C s tunes the head to the bias frequency to im-

prove the efficiency and the bias current waveform; its effects are negligible at signal

frequencies.

The erase bias oscillator is a simple feedback push-pull oscillator which uses the

erase head as the inductance in a tuned frequency-determining circuit, the capacitance

consisting of the two 0.15 _f feedback capacitors and the 0.5 _f capacitor, all in series.

C,4 is a small trimming capacitor which may be used to adjust the frequency to approxi-

mately 8 kc. The erase current is 80 + 10 ma (70 ma is sufficient to reduce a saturated

tape signal by 50 db). A small amount of the erase signal is taken through R,s for record

head bias.
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The erase and record play heads were built to the following specifications by Brush

Instruments:

Record play (BK-12511

0.25 mil gap

Full track (1/4" tape)

L = 84 mh i 5 percent, 0°-60°C

Rdc -_ 14 ohms

Note that both heads must have 2 windings balanced in inductance to within 2 percent with

4 leads brought out. The figures are for series-connected coils.

Erase (BK-1252)

Full track

L = 6.2 mh + 5 percent, 0°-60°C

Rdc _ 7.5 ohms

Playback Amplifier

The playback amplifier (Figure 20) accepts two inputs of different levels and fre-

quency ranges, amplifies and mixes these, provides a suitable and adjustable frequency

characteristic, and delivers the resulting signal to a balanced low-impedance output.
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For minimum susceptibility to noise pickup, push-pull signal transmission from the

playback head to the playback amplifier is used. This signal has frequencies from 3 to

16.5 kc. A positive 12-volt potential on the head leads biases the input stage to about 0.5

ma per transistor. The 12 K resistors in the emitter circuit, which are bypassed to ground

by the 5 _f capacitors, provide dc degeneration for excellent stability. The 47 ohm resis-

tors modify the input impedance so that there is essentially a matched condition at 16.5 kc

for the best overall signal-to-noise ratio. These resistors also limit the peak charging

current in the 5 _f bypass capacitors when the head, on which there is a low impedance

+ 12 volts dc, is switched onto the playback amplifier input. The 15 K resistors are col-

lector loads. The use of ac coupling to the transformer, rather than dc, results in more

stable gain and lower transistor noise. Proper choice of the coupling and emitter bypass

capacitors provides a convenient means of limiting low frequency noise. The 0.01 _ f

capacitor and 5 K trimpot comprise a high frequency loss network with an adjustable cut-

off frequency. This adjustment, in conjunction with the overall gain control, provides a

low frequency gain control. At the secondary of the DO-Tll transformer, the signal be-

comes single-ended. The thermistor compensates for gain fluctuations with temperature,

and must be adjusted for each individual board. The signal is direct-coupled to the next

stage, whose total emitter resistance is chosen for a collector current of about 0.6 ma.

The 5 K trimpot controls gain by adjusting the ac degeneration in this stage. The R-C

network across the DO-T11 primary in the collector circuit provides a fixed low-frequency

boost.

The real-time signal, whose frequency range is 100 to 550 cps, is direct-coupled to

the base of Q4. The dc potential of the signal applied is about -1.0 volt, so the bias cur-

rent for this stage is about 0.6 ma. This stage normally gives no gain but serves as a

buffer stage. Its collector swing is added to the signal from the second stage so that the

sum of the two signals is passed on to the output stage. The emitter resistor R, which

controls the degeneration of Q4, is selected so that this input signal is nominally 6 db

below the tape playback signal in the output.

The stability of Q4 is sufficient to allow direct coupling to the output stage, which

is biased at about 1 ma. The output transformer is ac coupled to avoid dc in the trans-

former winding_ which would have a detrimental effect on the low-frequency response.

Since the output was designed to feed a high impedance load, the 1100 ohm resistor was

found useful in providing transformer damping and in further flattening the frequency re-

sponse. In the emitter circuit there is, in addition to some dc degeneration which is due to

the 1500 ohm resistor, a high-frequency gain control. This consists of a 0.03 ;_f capacitor,

which bypasses the higher frequencies only and whose effectiveness is controlled by the

series 5 K trimpot.

The input voltage is about 15 mv peak-to-peak from the tape recorder head and 0.4

volt peak-to-peak from the resistive mixing circuit. The output voltage is 1.4 volts
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peak-to-peak at 1100 ohms balanced. Figure 18 shows typical system frequency

characteristics.

Tape Recorder

The tape recorder (Figure 21) is a low power two-speed recorder utilizing a continu-

ous tape cartridge which stores 200 feet of 1/4 inch, 1.5 mil magnetic tape. The recorder

weighs 4 pounds. Its external overall dimensions are: diameter 6.25 inches, and height

2.3 inches (Reference 7). The record system employs a two-phase hysteresis synchronous

motor which requires less than 0.3 watt to operate. The record speed is 0.4 ips. The two phase

frequency required to operate the record motor is obtained from a divide-by-four circuit

which counts down the 550 cps reference oscillator signal (Figure 22). The single phase

chopper motor is driven by one of these same sources. The playback system employs a dc

motor requiring approximately 1 watt; the playback speed is 12 ips and is controlled to with-

in + 1 percent by a servo loop. A field produced by seven pairs of magnets imbedded in a

flywheel is picked up by an inductor, and the resultant sinusoidal wave is fed to a discrim-

inator centered at 583.3 cps (Figures 7 and 22). Any speed error produces a proportional

dc voltage at the discriminator output. The servo loop is closed by adding this corrective

voltage to the nominal dc motor voltage.

The capstan shaft is driven by the motor shaft, at a 30:1 reduction in speed, through

a system of pulleys and polyester film belts. A spring clutch in the power drive system

allows the record motor to operate continuously and be overridden by the dc playback

motor during the playback cycle. The playback time, 200 sec, is controlled by a switch

which operates only during the playback cycle. This switch rotates at a speed of one revolu-

tion in 200 sec, thus activating a microswitch which returns the system to the record mode.

Wow and flutter is maintained below 2.5 percent peak-to-peak over a bandwidth from

0 to 1000 cps. This is measured by recording a fixed frequency and playing it back through

a discriminator whose output is proportional to speed variations. Filtering this output

gives a wow and flutter measurement of 1.5 percent p-p from 0 to 300 cps and 2.2 percent

p-p from 300 to 800 cps, with the overall spectrum as given above. This performance is

made possible by using an extremely accurate gyro-type capstan assembly, with the capstan

shaft having a maximum runout of 50-millionths of an inch.

RESULTS

Figure 23 shows the data from a portion of one orbit in analog form, with channels

1-7 appearing in order from top to bottom. The spin period is clearly recognizable on

channels 1-5 as is the high contrast between the sky and the earth. The familiar time

sharing pattern of the commutator presents itself on channel 6, and the bottom trace shows

the sun modulation on the envelope of the reference signal.
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With the aid of calibration charts, data (collected by the 8-12 micron thermal channel

of the scanning radiometer) from the first orbit of TIROS II were used to determine the

temperatures over an area between Australia and New Zealand at approximately local mid-

night. The optical axis was practically perpendicular to the earth's surface when it crossed

the orbital plane. Figure 24 shows isothermal lines determined from the data and, super-

imposed on the map, curves outlining fronts as compiled by all available weather informa-

tion. This is the first crude cloud cover map taken at local midnight by means of infrared

radiation mapping. More complete discussions of these results have been published in

References 8 and 9.

Close monitoring of temperature and pressure was maintained both for purposes of

calibration and for general analysis. Figure 25 exhibits the long term average variation

of package and radiometer housing temperatures. These smoothed-out fluctuations are re-

lated to the amount of time the satellite was exposed to the sun. Figure 26 is a graph of

the variation of Ts and Tc over a two-orbit period. Figure 27 shows the variation of pres-

sure in the sealed canister as the package temperature increased in its first steep rise --

between orbits 754 and 826.

Legend

-'91--, SUB-SATELLiTE PATH
_m RA_OMETER SCAN PATH
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Figure 24--1R data over Australia and New Zealand on orbit 0 of
TIROS II at local midnight

,3O'5

40'S

50"S



40

35

50

25

hi
r_

2o
tlr
L_I
a.
=E
us t5i-

I0

15

I I i

--PACKAGE TEMPERATURE (TE)

----. RABOMETER HOUSING

TEMPERATURE(To)

%

t
I

I

I ! I I I I

200 400 600 800 I000 1200 1400 1600 1800 2000 2200 2400

ORBITS

Figure 25--TIROS II satellite average temperature

variation for 2325 orbits (>5 months)

37

c}

E

t0

December 29,/960 December 30,/960

-- • Pockoge Temperature (T E)

-- • Rodiometer Housing Temperoture(T c )

A,dL

'4k4 k

_ At_L_, L

• • e•

5 ¢0 •
OO •

-- go o o • o • •o •

_ ODO 0 •

Sunlit Sunlit

0 I I K I i i I i I I I I I i , I _ I
800000000000000000000_ 8 _ _ 8 - _ 8 _ ,_ o - _ o _ =_ o - _ oo 8 o 8 o

8 8 -
GMT

Figure 26-TIROS II satellite temperature variation

during a two-orblt period (3 hr., 20 min.)



38

&

w

bd

W

16

Q

_ r____

15

I

14
I0 20 25 30

PACKAGE TEMPERATURE TIE(°C)

FTgure 27--Varlatlon of pressure vs. temperature in sealed IR instrumentation
package from orbit 754 through orbit 826

CONCLUDING REMARKS

Although every TIROS satellite is expected to perform for a lifetime of 3 months in

orbit, interrogations are continued past this time. TIROS II completed 2071 orbits (about

5 months} before the radiometer chopper motor failed. After about 9 months the canister,

which was sealed at atmospheric pressure, began to leak. However, the electronics pack-

age_ including the tape recorder, continued to function perfectly with no noticeable deterior-

ation for another two months. Because of known degeneration of the satellite power supply,

TIROS II was not interrogated again for six months, when it had been in orbit for 17 months.

At this time, it was found that the radiometer chopper motor had restarted; the data (though

noisier than during its useable lifetime) was clearly recognizable and readable. It is rea-

sonable to assume that some of the noise was caused by tape deterioration after long use

and loss of lubricant as the pressure decreased in the canister. As playback continued, the

tape decreased in speed. This is probably attributable to the low power supply voltage.

Volumes of TIROS II data have been digitized and are available for study by interested

groups.

TIROS III has been in orbit for ten months, with its electronics package still function-

ing. TIROS IV has also been launched successfully and promises to have a long and useful

life.
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